Antibiotic U-24,544, a new antibacterial agent, was found to be an effective uncoupler of phosphorylation associated with the oxidation of glutamate and succinate in rat liver mitochondria. Respiration was inhibited during glutamate oxidation but not during succinate oxidation. In a medium deficient in inorganic phosphate, the agent showed slight stimulation of mitochondrial glutamate oxidation. Mitochondrial swelling induced by inorganic phosphate was suppressed. The antibiotic inhibited protein, nucleic acid, and cell wall synthesis in Mycobacterium avium cells nearly equally without a predominant inhibition of any one of these macromolecular biosynthetic processes. Nucleic acid and polypeptide synthesis remained unaffected, but respiration was inhibited in cell-free bacterial systems. It was thus concluded that the antibiotic interfered primarily with the cellular energygenerating processes.
Antibiotic U-24,544, a new antibacterial agent, was found to be an effective uncoupler of phosphorylation associated with the oxidation of glutamate and succinate in rat liver mitochondria. Respiration was inhibited during glutamate oxidation but not during succinate oxidation. In a medium deficient in inorganic phosphate, the agent showed slight stimulation of mitochondrial glutamate oxidation. Mitochondrial swelling induced by inorganic phosphate was suppressed. The antibiotic inhibited protein, nucleic acid, and cell wall synthesis in Mycobacterium avium cells nearly equally without a predominant inhibition of any one of these macromolecular biosynthetic processes. Nucleic acid and polypeptide synthesis remained unaffected, but respiration was inhibited in cell-free bacterial systems. It was thus concluded that the antibiotic interfered primarily with the cellular energygenerating processes.
Antibiotic U-24,544, a new antibacterial agent, was isolated from the culture broth of Streptomyces griseus var. erizensis varia nova. The compound has the empirical formula C27H32N408 and crystallizes in the form of colorless needles which have very limited solubility in aqueous solutions. Preparation, isolation, characterization, and biological properties are described elsewhere (3) . The agent is moderately inhibitory to gram-positive and gram-negative bacteria in vitro but is ineffective in the treatment of experimental infections caused by gram-positive and gram-negative organisms in mice. The antibiotic is remarkably nontoxic in mice but fairly cytotoxic in mammalian cell cultures. This paper describes the effects of antibiotic U-24,544 on protein and nucleic acid synthesis in whole Mycobacterium avium cells and cell-free Escherichia coli systems, on respiration of M. avium cell-free extracts, and on oxidative phosphorylation in rat liver mitochondria.
MATERIALS AND METHODS
M. avium UC-159 cells were grown in 2% peptone (Difco) at 37 C in shaken flasks containing 100 ml of culture medium. Antibiotic U-24,544 was dissolved in dimethylformamide and was added in 0.1-ml portions per 100 ml of culture medium.
The cellular protein and the deoxyribonucleic and the ribonucleic acid (DNA and RNA) fractions of M. avium were isolated and assayed as described previously (14) .
Incorporation of uniformly labeled L-lysine-14C
(specific activity, 247 mc/mmole) into the protein and cell wall fractions of M. avium was measured by adding 2 yc of tracer and the antibiotic to a 100-ml bacterial suspension at the time of inoculation. Samples were removed from the culture at appropriate time intervals, and the cellular protein and cell wall fractions were isolated as described by Park and Hancock (13) . Radioactivity in these fractions was measured by liquid scintillation techniques (14) . Respiration of M. avium cell-free homogenates was measured manometrically as described by Brodie (1) .
Rat liver mitochondria from male albino rats weighing 150 to 200 g were isolated by the method of Kroon (6) . Mitochondrial protein was solubilized with deoxycholate and was determined with biuret reagent (5) with crystalline bovine albumin as a standard. Mitochondrial respiration was measured manometrically (8) . Inorganic phosphate (Pi) was assayed by the method of Lowry and L6pez (10 of the initial reaction rates were used for these calculations.
Mitochondrial swelling was determined by following the change in absorbance of the reaction mixtures at 520 m,u at room temperature (4) . For these studies, the mitochondria were isolated as described by Lardy and Wellman (8) , except that 0.33 M sucrose was used as a homogenizing and suspending medium.
Crystalline L-glutamic acid dehydrogenase isolated from bovine liver was purchased from Calbiochem, Los Angeles, Calif. The progress of glutamate oxidation by this enzyme was measured spectrophoto- metrically by reading the increase of OD at 340 m,u due to the reduction of nicotinamide adenine dinucleotide (NAD). The exact composition of the reaction mixture is given in the footnote of Table 6 .
RESULTS
Experiments with M. avium cells. The effect of antibiotic U-24,544 on M. avium cell growth when added to cultures at different phases of the growth cycle are shown in Fig. 1 . When added at the time of inoculation at a concentration of 100 ,ug/ml, the antibiotic caused total cessation of bacterial growth. Antibiotic additions during progressively later phases in the growth of the culture caused proportionally less inhibition.
Synthesis a A 2-,uc amount of uniformly labeled L-lysine-14C per 100 ml of culture medium (2% peptone) was added. Antibiotic was added in 0.1-ml portions of dimethylformamide per 100 ml. The cultures were incubated at 37 C; 10-ml samples were taken at appropriate times, and the cellular protein and cell wall fractions were isolated as described by Park and Hancock (13) .
b Expressed in counts per minute per 10 ml of broth.
wall synthesis and protein synthesis were inhibited equally by antibiotic U-24,544.
Respiration of cell-free M. avium extracts was measured in a system prepared esentially as described by Brodie (1) . Respiration rates by these extracts were slow, but reproducible, and the reaction was glucose-dependent. Phosphorylation associated with respiration was either minimal or absent, and did not yield any meaningful results in regard to phosphorylation efficiency. However, the results in Table 2 show that respiration of M. avium cell extracts was inhibited to an extent of 65% by 100 ,ug/ml of antibiotic and 14% by 50 ,ug/ml of drug. Thus, respiration of cell-free M. avium extracts was significantly impaired at 100 ,g/ml and marginally at 50 ,ug/ml of antibiotic.
The low respiratory efficiency and near absence of phosphorylation in our bacterial system prompted us to study the effect of this antibiotic in a mammalian mitochondrial oxidative phosphorylating system. Mammalian systems have Effect of antibiotic U-24,544 on oxidative phosphorylation in rat liver mitochondria. The effect of U-24,544 on oxidative phosphorylation in mitochondria was tested with the two substrates, L-glutamate and succinate. During the oxidation of glutamate, respiration and phosphorylation were both significantly impaired (Table 3 ). An antibiotic concentration of 20 ,ug/ml caused approximately 50% inhibition of respiration and complete uncoupling of phosphorylation. Thus, phosphorylation was affected more strongly than respiration. With succinate as a substrate, respiration remained totally unaffected even at drug concentrations considerably higher than those required for effective inhibition of glutamate oxidation (100 ,ug/ml), but complete uncoupling of respiration-linked phosphorylation occurred at concentrations comparable to those necessary for complete uncoupling during glutamate oxidation.
In a medium deficient in Pi, glutamate oxidation was slightly enhanced by U-24,544 ( stimulatory than 20 ,g/ml of antibiotic in the presence of the same amount of DNP.
Several NADH2-linked oxidoreductions including ferricyanide, tetrazolium salt, and cytochrome c reductases catalyzed by mitochondria were studied in some detail. The results (Table 5) indicate that none of these reactions were affected significantly in the presence of 100 ,g/ml of antibiotic in the reaction mixtures.
Effect of antibiotic U-24,544 on mitochondrial swelling. Mitochondrial swelling is usually prevented by uncoupling agents (4). Thus, the effect of U-24,544 on spontaneous and Pi-induced swelling of mitochondria was investigated (Fig.  3) . U-24,544 inhibited both spontaneous swelling (Tris-induced) as well as swelling induced by 0.004 M Pi.
Effect of U-24,544 on glutamate oxidation by crystalline glutamic acid dehydrogenase. NADlinked oxidation of glutamate catalyzed by crystalline glutamic acid dehydrogenase was not inhibited in the presence of 40 Ag/ml of antibiotic U-24,544, but appeared slightly enhanced when compared to the control run in the absence of antibiotic (Table 6 ). DIscussIoN Antibiotic U-24,544 is an antibacterial agent of moderate potency when tested in whole bacterial cells. No gross preferential inhibition of protein, nucleic acid, or cell wall synthesis in M.
avium cells was apparent. DNA-mediated DNA and RNA synthesis as well as RNA-directed RNA synthesis in cell-free E. coli systems (14) and polyuridylic-directed phenylalanine incorporation in a cell-free E. coli system (12) remained totally unaffected by the antibiotic when tested at concentrations up to 200 ,ug/ml. The moderate antibacterial potency of U-24,544 and its failure to cause complete growth suppression in exponentially dividing cells even at very high concentrations suggest that the agent is taken up slowly by bacterial cells.
Respiration associated with glucose oxidation by M. avium cell extracts was inhibited by the antibiotic and indicates that the agent interferes with energy-generating processes. However, the Some of these properties are therefore quite similar to the ones reported for oligomycin (7) . In a medium deficient in Pi, glutamate oxidation was stimulated to some extent; phosphate-induced swelling of mitochondria was inhibited by the agent. Both of these phenomena are characteristic for uncoupling agents (2) . These observations suggest that antibiotic U-24,544 acts primarily as an uncoupling agent in rat liver mitochondria.
